We suggest a duality between the standard (dynamical) and statistical distributions of partons in the nucleons. The temperature parameter entering into the statistical form for the quark distributions is estimated. It is found that this eective temperature is practically the same for the dependence on longitudinal and transverse momenta and, in turn, it is close to the freeze-out temperature in high energy heavy ion collisions.
nucleon was used.
This model may be compared with more standard parametrization of parton distributions based on the Regge theory at low x and quark counting rules at large x [1620] . It is especially interesting to nd a counterpart and give a physical meaning of the temperature introduced in the statistical model for the description of parton distribution functions. This is the main goal of this paper. Making this comparison we suggest a concept of duality between the statistical and dynamical descriptions of the DIS and strong interactions of particles and explore its consequences and implications. We do not consider the question of scaling violations for dierent values of Q 2 , these will come into play when considering gluon or quark radiation and need higher order diagrams to play a role.
The standard general form of parton distributions at the input energy scale Q 2 0 , which is used in the perturbative QCD [21] as the initial condition for the Q 2 evolution, describing the experimental data on the DIS (see, e.g., [16] ) is of the following general form:
where the rst term is a generic description of the sea quark distribution which is enhanced at low x, according to the DIS experimental data, whereas the second term is due to the valence quark distribution. Note that to t the experimental data on the DIS a much more complicated form for xq(x) is used in the form of PDF's [1720].
In particular, the valence part at x < 1/b qv can, to a good approximation, be written as:
Introducing the quantityx = 1/b qv , Eq.(2) can be presented also in the following form
It would be interesting to nd a link of the parameterx to the temperature T . Therefore, let us present a short review on the modern understanding of the statistical model of the hadron production and the nucleon structure functions.
A statistical approach was applied in great detail to study the quark structure of nucleons in Ref. [10] , using earlier approaches as a starting point [12, 13] . The nucleon is viewed as a gas of massless partons (quarks, antiquarks, gluons) in equilibrium at a given temperature in a nite size volume. According to the statistical approach, the quark distribution in a proton q(x) in the innite momentum frame (IMF) at the input energy scale Q 2 0 is tted as a function of the light cone variable x in the following form:
wherex plays the role of a temperature inside the proton and X 0q is comparable to a chemical potential of the quark inside the proton. All the parameters are found from the description of the DIS. The same form is suggested in [11] for antiquarks xq(x) by changing the sign for the chemical potential X 0q . Actually, Eq. (4) Note that the statistical weight of the quarks can be written in the form exp((
where E q = (P · p q )/m is a quark energy in the nucleon rest frame, p q and P are the fourmomenta of quark and nucleon, respectively, m is the nucleon mass.
Passing to the innite momentum frame the quark distribution in a nucleon over the longitudinal momentum p z can be represented in the following statistical form [13] :
where E, P , and m are the energy, the momentum, and the mass of the nucleon moving in the z-direction, ϵ and p z are the energy and momentum in the z-direction of a parton in the nucleon, T is the temperature and µ is the chemical potential. For massless partons one
where x = p z /P is the longitudinal fraction of the parton momentum andx = 2T /m. This form agrees with the result obtained in [12, 13] . The inclusion of of the quark transverse The similarity of the thermal form for the quark distribution given by Eq. (6) and the dynamic form for q v , Eq. (2), maybe interpreted as a duality of the thermal and dynamical descriptions of the parton distribution in the proton. This property is by no means surprising as both parametrization are tted to describe the same data. In Fig. 1 , the valence u-quark distribution in the proton as a function of x is presented, the solid curve corresponds to the CKMT parametrization [16] , see the second term of Eq. (1) 2) is about 120150 MeV, whereas the model of Ref. [11] suggests that T is about 50 MeV and the chemical potential for u-quarks X 0u ≃ 216 MeV as rst found in [12, 13] .
The quark distribution function in a proton using the variable x and the transverse momentum k t can be represented in the factorized form f q (x, k t ) = q(x)g(k t ) which of course cannot be valid at all values of x [24] . This is supported by simulations within the lattice QCD [25] and by the observation of the so-called seagull eect [26] , i.e., the weak xdependence of the mean transverse momentum < p t > of hadrons produced in hadron inclusive reactions at low x, e.g., x < 0.5 and the strong x-dependence of < p t > (x) at x → 1, see for example [27] and references therein.
Developing the approach of the previous section one can t the quark distribution g(k t ) also in the statistical form, i.e.
where ϵ kt = √ k 2 t + m 2 q is the transverse energy of quarks in proton and m q is the quark mass. For massless quarks (the current quarks) g(k t ) can be represented in the following
Applying here the same eective temperature T ≃ 120150 MeV, as for longitudinal momentum distribution, we get similar results on < k t >, which were obtained for valence current quarks (see, e.g. [23] and references therein). Actually, these values for < k t > of quarks in proton are used to get the inclusive transverse momentum spectra of hadrons produced in pp collisions at not large p t , which were obtained in [27, 28] within the dual parton model (DPM) [29] or the quark-gluon string model (QGSM) [30] .
Therefore, the transverse momentum distribution of partons in proton can also be described in the statistical form with the same value of the temperature T as the parton distributions in proton over the longitudinal momentum or over its fraction x.
Note that the longitudinal and transverse momentum dependences have been related in a model approach implying Lorentz (rotational) invariance [23] .
We analyzed the parton distribution functions in a proton using the statistical model [10, 12, 13] . We suggest a duality principle which means a similarity of the thermal distributions of partons (quarks and gluons) and the dynamical description of these partons. This duality allowed us to nd an eective temperature T ∼ 120150 MeV for the massless quarks. Concluding our study of this problem one can suggest another interpretation for this eective temperature T entered into the quark distributions given by Eq. (6) and Eq. (7) as the eective widths for the quark distributions over the longitudinal and transverse momentum, the values of which are approximately the same.
The inclusive spectra of hadrons produced in N N collisions at high energies are not described by the thermal statistical distribution. However, using the thermal statistical form for quark distribution as a function of the longitudinal momentum fraction x and the internal transverse momentum k t , one can get a satisfactory description of the experimental data on these spectra.
It happens that the freeze-out temperature in central heavy ion collisions at zero chemical potential or the eective width of the energy distribution of pions has a similar value which was estimated in this paper for the massless quarks in a free nucleon [31, 32] . 2 . The solid curve is the CKMT parametrization [16] , the dashed line corresponds to the statistical parametrization given by Eq. (4) the dotted curve corresponds to the BS statistical (thermal) model suggested in [10, 11] .
